Abstract
Introduction
Transition metal dichalcogenide (TMD) monolayers, (14) (17, 18 ) and a spin transistor (5, 19, 20) is believed to be the most promising nextgeneration spintronic device.
Although a large amount of research has been directed at the formation of MoS 2 films with atomic thickness, scarce attention has been paid to the process of formation of MoS 2 films and the bonding and physical properties of the MoS 2 layer with other semiconductor materials. Here we use cation exchange to grow epitaxial MoS 2 layers on the surface of CdS nanowires (NWs) at room temperature. Remarkably, we discover that the MoS 2 /CdS heterostructures are ferromagnetic. Our firstprinciples density functional calculations reveal that the magnetism originates from the MoS 2 monolayer at the MoS 2 /CdS interface with a spin magnetic moment of ∼0.5 μ B on the Mo atom and a large spin polarization (∼63%) of the electronic states at the Fermi level. The occurrence of magnetization in the interfacial MoS 2 monolayer is attributed to the Mo cation sharing of its d electron with the Cd cation. As MoS 2 is considered to be an excellent material for transistors,(5) the findings presented here of the itinerant magnetism in the MoS 2 monolayer at the MoS 2 /semiconductor interface may reveal a new opportunity for the fabrication of the magnetic twodimensional (2D) TMD materials on threedimensional (3D) nanostructures for application in spin transistors and other semiconductor spintronic devices. 
Experimental and Computational Methods

CdS NW Synthesis
CdS NWs were grown by using the method reported in ref 21.
Cation Exchange Transformation
CdS NWs were dipped into ethylene glycol (99.5%, SigmaAldrich) containing 0.1 M molybdenum(V) chloride (Alfa Aesar, 99.6%) at room temperature. After 6 h, the CdS NWs completely transformed into MoS 2 NWs. We can change the MoS 2 shell thickness by varying the reaction time. 

Results and Discussion
Cation exchange is an ionic reaction process for III-V and II-VI semiconductors and metal-organic frameworks for changing the components and structures (2426) Figure S2 .
Bright field transmission electron microscopy (BFTEM) and scanning transmission electron microscopy-energy dispersive spectroscopy (STEM-EDS) were performed to obtain structural information about the MoS 2 /CdS interface. We analyzed the MoS 2 on the CdS NW surface after cation exchange reaction for 3-10 min by BFTEM (Figure 1a ). After STEM imaging and EDS mapping of Mo, Cd, and S (Figure 1g ), the core-shell structure of CdSMoS 2 is evident. The scanning transmission electron microscopy annular dark field (STEMADF) image (Figure 1b ) further reveals that MoS 2 (00 ) is connected with CdS (002) ( 22 Figure 1b) . The STEMADF image matches rather well with the simulated image ( Figure 1c ) using the atomic model described below (Figure 1d ).
We built many atomic models for the MoS 2 /CdS heterostructure and then performed firstprinciples geometry optimization calculations for these models that were used in the STEMADF image Consequently, for growth of (00 ) MoS 22 2 on (002) CdS, the lattice mismatch between CdS and MoS 2 would be as high as 23%. On the other hand, no dislocations were observed at the interface. The observed dependence of magnetization on the thickness of the MoS 2 layer on the CdS NW is consistent with the theoretical finding of the magnetism in the MoS 2 monolayer at the MoS 2 /CdS interface as revealed by our atomic model (Figures 1d and 3a) . Raman peaks (E 2g 1 and A 1g ) of the MoS 2 layer ( Figure S1 ) are clearly seen after cation exchange for 2 min, indicating that the quality of the MoS 2 structure improves as the thickness increases. Indeed, our Raman results show that our MoS 2 layer has a fine 2D structure on the CdS NW with clear inplane and outofplane vibration modes. This explains that the fewlayer thick MoS 2 structures have a poor magnetic property. For example, for very fewlayer thick MoS 2 films on CdS NWs [3 s (0.5 layer), 6 s (1 layer), 9 s (1.5 layers), and 12 s (2 layers)], the M s values are lower than that for 5 nm (reaction for 5 min) thick MoS 2 on CdS NWs. For MoS 2 with an improved structure, the interfacial magnetism starts to dominate the magnetic properties. On the other hand, for MoS 2 shells of >5 nm on CdS NWs, the influence of the interfacial magnetism is weakened. As a result, the magnetization decreases with an increase in MoS 2 thickness. Overall, as the CdS NW gradually transforms to the MoS 2 NW, the maximal magnetization moment (M max or M S ) increases first sharply with the formation of a thin shell of MoS 2 and then decreases rapidly. This phenomenon is similar to the variation of the photoluminescence intensity of MoS 2 with thickness.(32)Furthermore, the magnetic force microscopy (MFM) data also show that the magnetic property of MoS 2 depends on the number of layers. (33) The calculated spin density distribution in the MoS 2 /CdS heterostructure is exhibited in panels a and b of Figure 3 , and that of the Mo atom in the interfacial MoS 2 monolayer is displayed in Figure 3c . 
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